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摘 要 
I 
摘 要 
导航系统由于其任务和应用环境的特殊性，对于系统的可靠性和精度均提出
较高的要求，单一的导航系统模式无法满足所需的要求，而惯性导航 (INS)与天
文导航 (CNS)分别存在某些不足，二者组合使用可利用优势构成性能更好的高
精度组合导航系统。为此，本文将主要以单一导航研究为基础展开对惯性/天文
组合导航分析，针对系统的误差进行算法讨论和修正建模，提出可应用于譬如深
海、沙漠、深山等特殊环境下长航时导航定姿、定位的惯性/天文组合导航方案。 
本文首先针对单一导航系统不同导航方法分析研究了误差模型及主要影响
因素，分别单独建立了惯性导航以及天文导航的误差模型，以此为基础，惯性导
航部分分析了卡尔曼滤波法并建立数学编排方程，天文导航部分提出了基于高度
差法和星敏感器的数学模型和算法。 
在上述分析研究的基础上，考虑到惯性导航主要的陀螺仪误差随时间累积以
及特殊环境下子系统可能不工作等情况，利用天文导航信息实现对惯性导航系统
误差的相互辅助修正，研究分析了不同环境、不同要求精度下惯性导航和天文导
航子系统信息的融合模式，提出了惯性/天文自适应融合算法框架模型，同时讨
论分析了基于陀螺仪误差修正的惯性/天文组合导航系统。 
本文最后设计了基于 STK/Matlab 的惯性/天文组合导航仿真平台，在研究惯
性/天文组合导航算法的理论基础上，通过对飞行航迹、惯性导航子系统、天文导
航子系统、环境、航行时间等的模拟，为本文的惯性/天文组合导航系统算法分析
提供了验证平台。 
 
 
关键词：惯性导航；天文导航；卡尔曼滤波；组合导航；融合算法 
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Abstract 
Because of the particularity of its task and application environment, the navigation 
system model cannot meet the required requirements for the reliability and precision of 
the system. The inertial navigation system (INS) and the celestial navigation system 
(CNS) have their own advantages and disadvantages, and their combination can give 
full play to their advantages, constitute a strong autonomy and anti-interference ability 
of high-precision navigation system. For this reason, this paper will focus on inertial / 
celestial navigation technology to carry out relevant research, analysis of inertial / 
celestial navigation system error algorithm and amended, can be applied to such as deep 
sea, desert, mountain and other special environment long navigation attitude, 
positioning inertia / celestial combination of navigation program. 
In this paper, we first study the error model and the main influencing factors for 
different navigation methods of single navigation system, and establish the error model 
of inertial navigation and celestial navigation separately. Based on this, the inertial 
navigation part analyzes the Kalman filter method and establishes the mathematical 
arrangement Equation, celestial navigation part proposed based on the height difference 
method and the star sensor mathematical model and algorithm. 
On the basis of the above research, taking into account the inertia navigation of 
the main gyroscope error over time and the special circumstances of the subsystem may 
not work, etc. the use of celestial navigation information to achieve inertial navigation 
system error mutual correction, research and analysis of different The inertial / celestial 
adaptive fusion algorithm model is proposed, and the inertial / celestial integrated 
navigation system based on gyroscope error is analyzed and analyzed. The inertial / 
celestial adaptive fusion algorithm model is proposed.  
In this paper, an inertial / celestial navigation simulation platform based on STK / 
Matlab is designed. Based on the study of inertial / celestial navigation algorithm, the 
flight path, inertial navigation subsystem, celestial navigation subsystem, environment, 
navigation time And so on, this paper provides a verification platform for the analysis 
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of inertial / celestial navigation system algorithms. 
 
Key words：inertial navigation; celestial navigation; Kalman filter; combined 
navigation; fusion algorithm 
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